Subsets of symptomatic hand osteoarthritis in community-dwelling older adults in the United Kingdom: prevalence, inter-relationships, risk factor profiles and clinical characteristics at baseline and 3-years  by Marshall, M. et al.
Osteoarthritis and Cartilage 21 (2013) 1674e1684Subsets of symptomatic hand osteoarthritis in community-dwelling
older adults in the United Kingdom: prevalence, inter-relationships,
risk factor proﬁles and clinical characteristics at baseline and 3-years
M. Marshall*, G. Peat, E. Nicholls, D. van der Windt, H. Myers, K. Dziedzic
Arthritis Research UK Primary Care Centre, Primary Care Sciences, Keele University, Keele, Staffordshire ST5 5BG, United Kingdoma r t i c l e i n f o
Article history:
Received 9 January 2013
Accepted 3 August 2013
Keywords:
Hand osteoarthritis
Epidemiology
Subsets
Erosive OA
Thumb base OA
Nodal OA* Address correspondence and reprint requests
Research UK Primary Care Centre, Primary Care Scie
Staffordshire ST5 5BG, United Kingdom. Tel: 44-1
733911.
E-mail addresses: m.marshall@keele.ac.uk (M. Ma
(G. Peat), e.nicholls@keele.ac.uk (E. Nicholls), d.van.d
der Windt), h.l.myers@keele.ac.uk (H. Myer
(K. Dziedzic).
1063-4584/$ e see front matter  2013 Published by
http://dx.doi.org/10.1016/j.joca.2013.08.004s u m m a r y
Objective: To compare the population prevalence, inter-relationships, risk factor proﬁles and clinical
characteristics of subsets of symptomatic hand osteoarthritis (OA) with a view to understanding their
relative frequency and distinctiveness.
Method: 1076 community-dwelling adults with hand symptoms (60% women, mean age 64.7 years)
were recruited and classiﬁed into pre-deﬁned subsets using physical examination and standardised hand
radiographs, scored with the Kellgren & Lawrence (K&L) and VerbruggeneVeys grading systems. Detailed
information on selected risk factors was obtained from direct measurement (Body Mass Index (BMI)),
self-complete questionnaires (excessive use of hands, previous hand injury) and medical record review
(hypertension, dyslipidaemia, type 2 diabetes). Hand pain and disability were self-reported at baseline
and 3-year follow-up using Australian/Canadian Osteoarthritis Hand Index (AUSCAN).
Results: Crude population prevalence estimates for symptomatic hand OA subsets in the adult popula-
tion aged 50 years and over were: thumb base OA (22.4%), nodal interphalangeal joint (IPJ) OA (15.5%),
generalised hand OA (10.4%), non-nodal IPJ OA (4.9%), erosive OA (1.0%). Apart from thumb base OA, there
was considerable overlap between the subsets. Erosive OA appeared the most distinctive with the
highest female: male ratio, and the most disability at baseline and 3-years. A higher frequency of obesity,
hypertension, dyslipidaemia, and metabolic syndrome was observed in this subset.
Conclusion: Overlap in the occurrence of hand OA subsets poses conceptual and practical challenges to
the pursuit of distinct phenotypes. Erosive OA may nevertheless provide particular insight into the role of
metabolic and cardiovascular risk factors in the pathogenesis of OA.
 2013 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.Introduction
Symptomatic hand osteoarthritis (OA) occurs in 13e26% of older
adults1. Far from being ‘just a part of growing old’, individuals often
perceive it as a serious condition, affecting their everyday lives,
capable of causing persistent pain, interference with activities, and
considerable frustration2.
Hand OA may not be a single disease but a number of subsets
that include erosive OA, thumb base OA, interphalangeal joint (IPJ)to: M. Marshall, Arthritis
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Elsevier Ltd on behalf of OsteoartOA (with or without nodes) and a widespread form involving all
joint groups in the hands (generalised hand OA)3,4. A EULAR Task
Force called for further research to determine whether such
possible subsets of hand OA are separate phenotypes with different
risk factors and clinical outcomes3. Such evidence of discrete phe-
notypes could help advance our understanding of causal mecha-
nisms, of the heterogeneous prognosis of hand OA5,6, and of
differential treatment response with a view to developing targeted
interventions. Epidemiological studies can contribute evidence on
the distinctiveness of hand OA subsets in the form of the relative
frequencies, patterns of co-occurrence, risk factor proﬁles and
clinical outcomes of posited subsets. Such evidence has already
started to emerge.
Several studies sampling different populations have provided
detailed prevalence estimates stratiﬁed by age and gender for
erosive OA and thumb base OA7e13. Comprehensive comparisons of
the relative frequencies of all hand OA subsets, including nodal and
non-nodal IPJ OA, in a single population are rarer, with the recenthritis Research Society International.
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ham cohorts being exceptional7.
A number of studies have examined patterning of hand OA11,14e
18 showing patterns of co-occurrence to be polyarticular with
clustering by row and symmetry14,16. The co-occurrence of nodes in
erosive OA has also been previously reported19,20. A comprehensive
examination of the inter-relationships across all the hand OA sub-
sets would be beneﬁcial to explore further the overlap between
subsets.
Risk factors that have conclusively been associated with hand
OA include older age, female gender and inheritance through a
genetic component3. There is also mixed evidence for a number of
possible exposures that include obesity, biomechanical forces
through occupational and sporting activities and muscle strength
as well ethnic background3 (though this may be related to different
cultural practices that may be mechanical such as chopstick use21).
There have been recent reports of an association between meta-
bolic risk factors and OA22,23 but the associationwith hand OA is not
clear24e26. Conﬂicting evidence on risk factors for hand OA may
partly reﬂect the use of case deﬁnitions for hand OA that combine
different subsets with different risk factor proﬁles. To date, some
risk factors are known to be associated with speciﬁc hand OA
subsets: hypermobility and previous hysterectomy with thumb
base OA vs IPJ OA27,28; speciﬁc genetic factors with erosive OA vs
non-erosive OA20,29.
The clinical burden of erosive OA has been shown to be greater
than non-erosive OA in a number of studies8,19,30e32 but the
composition of the comparison non-erosive OA groups has been
mixed. Additionally, the clinical burden of combined thumb base
and IPJ OA has been found to be greater than thumb base or IPJ OA
alone33. Thus far, no comprehensive comparison of clinical out-
comes at baseline or over time has been made across all the
possible hand OA subsets proposed by EULAR.
The present work sought to contribute to the aforementioned
epidemiological studies on the distinctiveness of proposed EULAR
hand OA subsets by estimating the prevalence, co-occurrence, risk
factor proﬁles on selected mechanical and metabolic risk factors,
clinical characteristics at baseline and 3-years for ﬁve symptomatic
hand OA subsets (erosive OA, generalised hand OA, thumb base OA,
nodal and non-nodal IPJ OA) in two samples of community-
dwelling older adults drawn from comparable sampling frames in
a single geographical region.
Methods
Study population
Participants were recruited from a prospective observational
cohort study undertaken in North Staffordshire, UK between
February 2004 and April 2005: the Clinical Assessment Study of the
Hand (CASHA). All adults aged 50 years registered with two gen-
eral practices were invited to participate at baseline in a two-stage
self-report questionnaire survey34. In the UK over 95% of people
are registered with general practices; thus providing convenient
general population sampling frames35. Participants were not
required to have consulted about their hand pain or hand problem.
Those with hand pain or hand problems (e.g., stiffness or knobbly
swellings) in the last 12months were invited to research clinics that
included an interview, physical examination and radiographs.
Participants reported the frequency of hand pain, aching or
stiffness in the last month (no days, few days, some days, most days
or all days). Those who reported symptoms on a few days or more
were deemed symptomatic and eligible for inclusion in the ana-
lyses. Participants were excluded if General Practitioners or local
Rheumatology hospital medical records or a musculoskeletalradiologist identiﬁed them as having inﬂammatory arthritis
(rheumatoid arthritis, psoriatic arthritis). Those with no hand ra-
diographs or missing radiographic scoring data were also excluded.
While population prevalence estimates of hand OA subsets were
determined from the above CASHA participants this sample alone
was not expected to provide sufﬁcient numbers in some of the
subsets to examine the inter-relationships, risk factor proﬁles and
clinical characteristics. Therefore, the samplewas enriched, a priori,
from an identically performed survey in a similar population.
In the Clinical Assessment Study of the Knee (CASK) all adults
aged 50 years registered with three general practices in North
Staffordshire were invited to participate at baseline in the same
two-stage self-report questionnaire survey36 between July 2002
and October 2003. All persons reporting knee pain were invited to
attend research clinics however they all underwent an identical
hand assessment and hand radiographs to those in the CASHA
study. All individuals included in the analysis had hand pain on
few days or more in the previous month. UK Local Research
Ethics Committees approved these studies (LREC Project Nos: 1430,
05/Q2604/72, 06/Q2801/90). All participants provided written
informed consent.Data collection
Radiographic assessment and scoring
Posterioreanterior (PA) radiographs of the hands were taken
with separate exposures for each hand according to a standardised
protocol34,36. The Kellgren & Lawrence (K&L) grading system37 was
used by two trained readers (MM, JH) to grade OA in the IPJs and
ﬁrst carpometacarpal joints (CMCJ) in each hand. Intra-rater reli-
ability for the presence of OA (K&L  2) in an individual joint was
excellent (unweightedmean kappa¼ 0.92 & 0.85, mean percentage
agreement ¼ 98% & 98% for reader 1 & 2 respectively) and inter-
rater reliability was moderate (unweighted mean kappa ¼ 0.5,
mean percentage agreement ¼ 90%). The presence of erosive OA in
the IPJ was determined using the VerbruggeneVeys Anatomical
Phase Progression Score38 by an additional reader (WYK), intra-
rater reliability was excellent (unweighted mean kappa 0.94,
mean percentage agreement 98%).
Descriptive data
Demographic and socioeconomic data (age, gender, occupation,
education) were collected in the baseline survey. At the research
clinics the second and third distal and proximal IPJs were observed
and palpated for the presence of nodes. Height and weight, from
which Body Mass Index (BMI) was calculated, were also measured.
In both studies knee radiographs (PA semi-ﬂexed meta-
tarsophalangeal, lateral and skyline views) were taken and scored
for the presence of OA (K&L  2 on the PA and/or skyline views
and/or deﬁnite osteophytes (Burnett grade  1) on the lateral
view)34,36.
Risk factor proﬁles
Participants reported previous hand injuries and excessive use
of hands in employment or pastimes in the baseline survey34. A
review of general practice consultations was undertaken for a 2-
year period prior to clinic attendance for participants who gave
permission (n ¼ 1007, 94%). Participants with diagnoses or con-
sultations for hypertension, type 2 diabetes or Impaired Fasting
Glucose (IFG) and dyslipidaemia (raised cholesterol or tri-
glycerides) or prescription of a lipid-regulating drug were identi-
ﬁed. Metabolic syndrome was deﬁned as the presence of three or
more of the following: BMI >30 kg/m2, hypertension, dyslipidae-
mia and type 2 diabetes or IFG.
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In the baseline survey participants completed the Australian/
Canadian Osteoarthritis Hand Index (AUSCAN) subscales for Pain
(0e20) and Function (0e36) on a ﬁve-point Likert scale39 and the
aesthetics scale of the Michigan Hand Outcomes Questionnaire
(MHQ) (0e100)40. Higher scores on the AUSCAN indicate more pain
and functional limitation, whereas higher scores on the MHQ rep-
resented greater satisfaction with hand aesthetics. At research
clinics power grip strength (Jamar dynamometer) and pinch
strength (B&L pinch gauge) were obtained from a maximum trial in
a standardised position. Consenting participants in both studies
were followed-up at 3-years by postal questionnaire. Clinical out-
comes at 3-years were the AUSCAN Pain and Function subscales.
OA deﬁnitions
All individuals included in the analyses were symptomatic:
deﬁned as hand pain, aching or stiffness on a few days or more on
the last month. The deﬁnitions used to deﬁne the hand OA subsets
are displayed in Table I. For prevalence estimates, participants could
belong in more than one subset if they satisﬁed the criteria. To
permit comparisons between subsets of descriptive characteristics,
risk factors and clinical characteristics, participants were then
allocated to one subset based on an algorithm devised by the au-
thors (Fig. 1). Some participants had IPJ and thumb base OA but did
not satisfy the criteria for generalised hand OA (i.e., their IPJ OAwas
conﬁned to only proximal or distal joints and not both). Individuals
who did not satisfy the criteria for any hand OA subset were
labelled “Unclassiﬁed” (n ¼ 380); all were symptomatic but over
half (n ¼ 201) did not have either any radiographic OA (K&L  2) or
any nodes on rays 2 & 3. The remaining unclassiﬁed participants
had nodes without any radiographic OA (n ¼ 108) and radiographic
OA affecting a single IPJ with or without the presence of nodes
(n ¼ 71). There was no evidence that selected non-OA conditions
(positive Phalen’s test for carpal tunnel syndrome, Dupuytren’s
contracture, or trigger ﬁnger) were more common in theTable I
Population prevalence estimates of symptomatic hand OA subsets stratiﬁed by gender a
Phenotypes N Erosive OA Generalised hand OA Thumb b
Deﬁnition E/R phase 2 IPJs
(rays 2e5) across
either hand
K&L  2 in 1 DIPJ & 1
PIPJ & 1 ﬁrst CMCJ
across either hand
K&L  2
in either
Overall 6306 1.0 (0.6, 1.5) 10.4 (9.1, 11.7) 22.4 (20.
Men:
All ages (50e97) 2973 0.3 (0.1, 0.6)y 6.5 (4.8, 8.3) 16.7 (14.
50e54 506 z z 9.8 (4.5
55e59 695 z 2.9 (0.4, 5.4) 11.3 (7.3
60e64 566 z 5.1 (2.4, 7.9) 16.8 (12.
65e69 434 0.6 (0.5, 1.7)y 8.5 (4.5, 12.6) 18.8 (13.
70e74 323 z 8.8 (3.4, 14.3) 21.6 (15.
75e79 238 z 10.9 (4.6, 17.1) 21.8 (13.
80þ 211 z 16.2 (8.2, 24.2) 27.4 (18.
Women:
All ages (50e98) 3333 1.7 (1.0, 2.4) 13.8 (11.8, 15.9) 27.4 (24.
50e54 539 0.9 (0.3, 2.1)y 4.4 (1.3, 7.5) 16.2 (10.
55e59 694 1.1 (0.1, 2.2)y 8.6 (5.2, 12.1) 21.7 (16.
60e64 517 1.5 (0.0, 3.0)y 9.5 (5.6, 13.5) 24.7 (18.
65e69 442 1.8 (0.2, 3.4) 15.1 (10.4, 19.7) 30.0 (24.
70e74 402 3.2 (0.8, 5.6) 20.8 (14.7, 26.8) 34.4 (28.
75e79 319 2.4 (0.0, 4.8) 22.0 (14.7, 29.4) 36.7 (29.
80þ 420 2.2 (0.2, 4.6)y 28.1 (20.0, 36.2) 39.8 (31.
Population prevalence estimates were calculated from CASHA study participants. Figure
* IPJ OA (includes nodal IPJ OA and non-nodal IPJ OA).
y Negative lower CIs are due to imputation of data.
z Estimate could not be calculated as no participants were classiﬁed as having the sub
Verbruggen & Veys scoring method; DIPJ, Distal Interphalangeal Joint; PIPJ, Proximal Intunclassiﬁed group supporting the interpretation that this group
comprised predominantly sub-threshold hand OA.
Statistical analysis
The population prevalence of each subset was calculated from
baseline CASHA study participants using a combined approach of
multiple imputation and weighted logistic regression. Multiple
imputations (dataset N ¼ 20 generated using multivariate normal
approach in STATA version 11.0 (Stata Corporation, TX, USA)) were
used to estimate the prevalence of each subset in those participants
who completed the survey but did not attend the research clinics.
Variables in the imputation model were age, gender, general
practice, social class, marital status, number of days in last year
with hand pain, AUSCAN subscales, MHQ score, Short Form 12
scores41, Hospital Anxiety and Depression Scale42 and hand OA
subset. Weighted logistic regression was used to adjust prevalence
for participants’ likelihood to return the initial postal questionnaire
with weights based on age, gender and participants’ general
practice.
For the following analyses, the CASHA sample was enriched
with CASK study participants who had hand symptoms as the
combined sample would provide more precise estimates for the
risk factors and clinical characteristics, particularly in rarer subsets.
The inter-relationships between the different subsets were exam-
ined using an area-proportional Venn diagram. Descriptive statis-
tics were used to compare the risk factor proﬁles and clinical
characteristics at baseline and 3-years for each mutually exclusive
subset. Additionally, Analysis of Variance (ANOVA) was used to test
whether the mean clinical characteristics at baseline and 3-years
varied by hand OA subset. Multinomial logistic regression was
used to explore the association of each risk factor with hand OA
subset after adjustment for age and gender (outcome ¼ hand OA
subset; reference category ¼ the unclassiﬁed group). Results from
the multinomial logistic regression are presented as adjusted
relative risk ratios (RRR) and represent a ratio of the relative risk ofnd age
ase OA IPJ OA* Nodal IPJ OA Non-nodal IPJ OA
in ﬁrst CMCJ
hand
K&L  2 in 2 IPJs
(rays 2e5) across
either hand
K&L  2 in 2 IPJs
(rays 2e5) & 2 HN
or BN (rays 2e3)
across either hand
K&L  2 in 2 IPJs
(rays 2e5) & <2 HN
or BN (rays 2e3)
across either hand
6, 24.1) 20.4 (18.6, 22.2) 15.5 (13.9, 17.1) 4.9 (3.9, 5.9)
2, 19.2) 15.2 (12.6, 17.7) 9.6 (7.3, 11.8) 5.6 (4.1, 7.0)
, 15.2) 8.1 (4.1, 12.2) 4.7 (1.2, 8.2) 3.4 (0.3, 6.6)
, 15.4) 9.6 (5.4, 13.7) 6.1 (2.8, 9.4) 3.5 (0.8, 6.3)
6, 21.0) 15.9 (10.8, 21.0) 9.1 (5.2, 13.0) 6.8 (3.4, 10.1)
1, 24.6) 18.7 (13.6, 23.7) 11.2 (7.2, 15.2) 7.5 (4.0, 11.0)
0, 28.2) 18.3 (11.9, 24.8) 11.3 (4.7, 17.8) 7.1 (3.0, 11.2)
7, 30.0) 20.1 (12.5, 27.6) 14.0 (7.0, 21.0) 6.1 (1.9, 10.3)
3, 36.4) 25.4 (16.0, 34.7) 19.8 (9.4, 30.3) 5.5 (0.3, 11.4)y
9, 29.8) 25.1 (22.6, 27.5) 20.8 (18.5, 23.1) 4.3 (2.9, 5.6)
9, 21.6) 12.9 (7.4, 18.4) 9.8 (4.9, 14.7) 3.1 (0.3, 5.9)
7, 26.6) 18.9 (14.0, 23.8) 14.9 (10.3, 19.6) 4.0 (1.4, 6.5)
8, 30.5) 22.8 (17.8, 27.8) 18.9 (14.1, 23.6) 3.9 (1.6, 6.2)
4, 35.6) 29.5 (23.8, 35.3) 24.7 (19.3, 30.1) 4.8 (1.8, 7.8)
2, 40.5) 32.4 (25.5, 39.2) 27.4 (20.9, 33.8) 5.0 (1.9, 8.0)
5, 44.0) 34.1 (26.8, 41.4) 28.9 (21.6, 36.2) 5.2 (1.1, 9.2)
7, 47.9) 36.9 (29.2, 44.6) 32.0 (23.8, 40.2) 4.9 (0.1, 9.9)y
s are percentages (95% CI) unless otherwise speciﬁed.
set in one or more imputed dataset; E/R, eroded or remodelled phase according to
erphalangeal Joint; HN, Heberden node; BN, Bouchard node.
Fig. 1. Classiﬁcation of mutually exclusive groups (n ¼ 1076).
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for those with the risk factor of interest (numerator) compared to
those without (denominator). Analyses were performed using IBM
SPSS Statistics version 20 (SPSS, IL, USA) and STATA version 11.0
(Stata Corporation, TX, USA). All tests were two tailed and a P value
of <0.05 was considered statistically signiﬁcant.
Results
Study population
In total 15,396 adults aged 50 years and over from ﬁve general
practices in North Staffordshire were mailed a two-stage survey
fromwhich CASHA and CASK study participants were recruited (seeSupplementary Fig. 1 for full details of the recruitment process). In
total 1167 participants with hand pain attended research clinics
(CASHA n ¼ 578, CASK n ¼ 589). Even though only a small pro-
portion of those surveyed attended research clinics the CASK
sample has been shown to be representative of the symptomatic
general population43 and similar analyses in CASHA resulted in the
same conclusions (Supplementary Table I).
Following exclusions for inﬂammatory arthritis (n ¼ 44), no
hand X-rays (n ¼ 6) and missing X-ray data (n ¼ 41), 1076 partici-
pants were included in the analysis (CASHA n¼ 521, CASK n¼ 555),
60% female, mean age 64.8 years (SD 8.3, range 50e93). 963 par-
ticipants were followed-up at 3-years (response rate 90%). Reasons
for loss to follow-up included deaths (n¼ 32), exclusions by GP due
to severe/terminal illness or dementia (n ¼ 8), changed GP/address
M. Marshall et al. / Osteoarthritis and Cartilage 21 (2013) 1674e16841678not traceable (n¼ 5), refusal to take part (n¼ 37) and non-response
(n ¼ 31). Loss to follow-up was slightly higher (19%) in those with
erosive OA at baseline compared to the other subsets (9e12%)
mainly due to more deaths (8% cf. 2e3%).
Population prevalence
Prevalence estimates were derived from CASHA participants
(n ¼ 521) and extrapolated to the wider survey population
(n ¼ 6306) through multiple imputation and weighted logistic
regression. Thumb base OA (22.4%) was the most prevalent form of
symptomatic hand OA, followed by nodal IPJ OA (15.5%), with
erosive OA (1.0%) being least prevalent (Table I). The majority of IPJ
OA was nodal. After adjusting for age, the prevalence of each hand
OA subset (except non-nodal IPJ OA) was higher in women than in
men (OR ¼ 1.8e2.5) and was greatest for erosive OA (age-adjusted
OR for female vs male 7.7; 95% Conﬁdence Interval (95% CI): 1.3,
45.5). With the exception of non-nodal IPJ OA, the age-related rate
of increase in prevalence of each subset was broadly linear, with
little apparent difference between subsets or between men and
women (data not shown).
Combining of CASHA and CASK participants
The CASHA sample was enriched with CASK study participants
with hand symptoms. Supplementary Table II compares the char-
acteristics of both samples. CASHA participants had a higher per-
centage of women, reported pain on most days and had
radiographic OA affecting more than two hand joints slightly more
often than CASK participants. The frequency of hand OA subsetsFig. 2. Area-proportional Venn diagram showing the relative frequency andwas largely similar with CASHA participants having slightly more
generalised hand OA, IPJ and thumb base OA, and slightly less who
remained unclassiﬁed.
The following analyses were undertaken using data from com-
bined CASHA and CASK cohorts.
Inter-relationships
Isolated thumb base OA (n ¼ 242, 22.5%) occurred more often
than isolated nodal IPJ OA (n ¼ 82, 7.6%) and non-nodal IPJ OA
(n ¼ 59, 5.5%) (Fig. 2). Generalised hand OA comprised a higher
proportion of nodal IPJ OA (48%, n ¼ 142/293) than non-nodal IPJ
OA (37%, n ¼ 59/161) or thumb base OA (37%, n ¼ 201/545). The
same pattern was evident for erosive OA (14% cf. 7% cf. 8%
respectively).
Descriptive characteristics
Erosive OA and generalised hand OA were older, with higher
proportions of females (Table II). Those with erosive OA had sub-
stantially more hand joints with radiographic OA than any other
subset but interestingly did not have a higher rate of concurrent
radiographic knee OA.
Risk factor proﬁles
No statistically signiﬁcant differences between subsets were
found in any of risk factors included in this study (Table III). Par-
ticipants with erosive OA had the highest crude rates of obesity,
hypertension, dyslipidaemia, and metabolic syndrome (Table III).overlap of hand OA subsets in a symptomatic population (n ¼ 1076).
Table II
Descriptive characteristics of the symptomatic hand OA subsets (n ¼ 1076)
Overall Unclassiﬁed* Erosive OA Generalised
hand OA
IPJ and thumb
base OA
Thumb base
OA
Nodal IPJ
OA
Non-nodal
IPJ OA
Frequency in study population % (no.) 100% (1076) 35.3% (380) 4.8% (52) 15.2% (164) 9.0% (97) 22.5% (242) 7.6% (82) 5.5% (59)
Age, mean (s.d.) 64.8 (8.3) 60.9 (7.4) 70.1 (8.1) 69.6 (8.0) 67.2 (7.0) 65.1 (8.2) 65.3 (7.1) 65.5 (8.1)
% Female (no.) 60.4% (650) 52.9% (201) 82.7% (43) 73.2% (120) 67.0% (65) 55.0% (133) 63.4% (52) 61.0% (36)
BMI, mean (s.d.) 29.1 (5.1) 29.2 (4.9) 28.7 (4.9) 29.2 (5.2) 29.5 (5.3) 28.8 (5.0) 30.0 (6.1) 28.6 (4.4)
% Manual occupational class (no.) 53.5% (540) 58.0% (206) 54.3% (25) 51.6% (81) 48.9% (44) 48.2% (109) 51.2% (41) 61.8% (34)
% Attended higher education (no.) 15.9% (167) 14.0% (52) 17.6% (9) 14.6% (23) 23.4% (22) 16.0% (38) 14.6% (12) 18.6% (11)
% Pain on most or all days in the
last month (no.)
43.6% (469) 35.8% (136) 55.8% (29) 45.7% (75) 44.3% (43) 49.6% (120) 50.0% (41) 42.4% (25)
% Radiographic hand OA (K&L  2
in 2 joints) (no.)
61.9% (666) 7.4% (28) 100.0% (52) 100.0% (164) 100.0% (97) 76.0% (184) 100.0% (82) 100.0% (59)
Number of joints K&L  2 (0e20), mean (s.d.) 3.7 (4.1) 0.4 (0.7) 12.2 (4.1) 9.0 (3.7) 5.5 (1.6) 2.3 (1.1) 5.0 (3.1) 4.3 (2.2)
Number of joints K&L  3 (0e20), mean (s.d.) 1.4 (2.6) <0.1 (0.2) 8.8 (4.1) 2.8 (3.0) 2.0 (2.0) 0.8 (0.9) 1.1 (1.6) 0.8 (1.4)
Number of joints K&L ¼ 4 (0e20), mean (s.d.) 0.6 (1.6) <0.1 (0.1) 5.3 (3.4) 1.1 (1.7) 0.7 (1.3) 0.3 (0.6) 0.4 (0.8) 0.1 (0.4)
Total K&L score (0e80), mean (s.d.) 10.8 (11.8) 1.8 (2.2) 39.8 (14.0) 23.8 (10.3) 15.4 (5.8) 7.0 (3.4) 13.4 (7.2) 11.4 (6.3)
% Symptomatic radiographic knee OA (no.)y 58.3% (595) 56.4% (207) 54.2% (26) 65.6% (103) 66.7% (60) 54.6% (125) 60.0% (45) 52.7% (29)
% Symptomatic moderateesevere
radiographic knee OA (no.)z
29.3% (302) 20.2% (74) 37.5% (18) 41.4% (65) 40.0% (36) 31.4% (72) 30.7% (23) 25.5% (14)
Analysis was completed on CASHA and CASK study participants using mutually exclusive subsets as determined in Fig. 1.
* Individuals in this sub-group are symptomatic with pain in the last month and may have some radiographic changes, but they do not meet the criteria for any of the hand
OA subsets.
y Symptomatic radiographic knee OA is knee pain in the last month and radiographic OA of tibiofemoral or patellaefemoral joints of either knee (K&L  2 on PA and/or
skyline views and/or posterior or lateral osteophytes 1 on lateral view).
z Symptomatic moderateesevere radiographic knee OA is knee pain in the last month and moderate to severe radiographic OA of tibiofemoral or patellaefemoral joints of
either knee (K&L  3 on PA and/or skyline views and/or posterior or lateral osteophytes 3 on lateral view); s.d., standard deviation; data was missing for the following
characteristics: BMI n ¼ 2 (0.3%), manual occupational class n ¼ 67 (6.2%), attended higher education n ¼ 23 (2.1%), symptomatic radiographic knee OA n ¼ 55 (5.1%) and
symptomatic moderateesevere radiographic knee OA n ¼ 55 (5.1%).
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these associations could not be estimated precisely. In comparison
to the unclassiﬁed group, and adjusted for age and gender, the rates
for these metabolic factors were still elevated but statistically non-
signiﬁcant (Table III).
Clinical characteristics at baseline and 3-years
At baseline, there were statistically signiﬁcant differences be-
tween subsets in all clinical characteristics except AUSCAN Pain
(Table IV). Individuals with erosive OA had more pain, disability,
weaker grip and pinch strength and less satisfaction with hand
appearance than those with other hand OA subsets. In contrast to
the unclassiﬁed group who showed little or no change in pain and
disability over 3-years, all symptomatic hand OA subsets showed
small average increases in pain (0.5e1.5 points on AUSCAN Pain)
and disability (1e3 points on AUSCAN Function). After adjusting for
baseline scores, those with erosive OA still had the highest levels of
disability at 3-years (Table V).
Discussion
Thumb base OA and IPJ OA, particularly the nodal form, were the
most commonly occurring symptomatic hand OA subsets in a
general population with the least frequent being erosive OA. The
prevalence of each subset was higher in women than in men and
the age-related rate of increase in prevalence was broadly linear. In
addition, we have demonstrated the overlapping occurrence of
these subsets among older adults with symptoms, and presented
exploratory ﬁndings that appear to point to the potential distinc-
tiveness of erosive OA, including its relation to metabolic risk fac-
tors, and greater functional decline.
Previous population prevalence estimates for speciﬁc hand OA
subsets are heterogeneous due to variation in case deﬁnitions and
genetic and environmental differences between populations44,45.
Accepting this, our estimates are mostly within the published
ranges8e13. For example, our ageesex stratiﬁed estimates ofthumb base OA are similar to those reported in the national Mini-
Finland study12, lower than those reported in the large Rotterdam
and Zoetermeer studies9,11, but higher than those in the Hizen-
Oshima study10 (Table VI). The prevalence of symptomatic
erosive OA in the current study was lower than that reported in
the Rotterdam and Framingham general population cohorts7,8 and
two clinic based studies32,46. This may be due to the setting as well
as our decision to use a more stringent case deﬁnition that
required the involvement of at least two IPJs and the presence of
symptoms19,47. With the exception of non-nodal IPJ OA, the
prevalence of all hand OA subsets generally increased linearly with
age and was similar for all subsets. This is consistent with
Kalichman and Kobyliansky’s ﬁnding of a cumulative linear in-
crease with age in the number of joints affected by OA48. The
higher preponderance among women of nodal IPJ OA, generalised
hand OA, and, most strikingly, erosive OA, is in keeping with
previous population studies7,8,11.
By simultaneously describing the occurrence of different sub-
sets, the degree of overlap becomes apparent. Although thumb base
OA was the most prevalent subset to occur in isolation, as previ-
ously reported49, the majority of individuals with thumb base OA
had IPJ OA and vice versa. Erosive OA occurs most often in those
satisfying criteria for generalised hand OA and nodal IPJ OA, the
latter of which is consistent with previous ﬁndings19,20.
Erosive OA had a greater burden radiographic hand OA and
moderate to severe radiographic hand OA which is consistent
with the ﬁndings of previous studies29,31,50. Erosive OA has
previously been found to be associated with subchondral bone
attrition in the knees in comparison to individuals with no IPJ
OA51. This feature is thought to be similar in appearance to
central ﬁnger joint erosions51, has been shown to increase the
risk of future cartilage loss52 and could be regarded as a rela-
tively severe feature. In our analysis while the presence of any
symptomatic radiographic knee OA was not increased in the
erosive OA subset those with erosive OA did have one of the
higher percentages of moderate to severe knee OA, particularly
in comparison to the unclassiﬁed group.
Table III
Risk of selected exposures for subsets of symptomatic hand OA (n ¼ 1076)
Unclassiﬁed* Erosive
OA
Generalised
hand OA
IPJ and thumb
base OA
Thumb base
OA
Nodal IPJ OA Non-nodal
IPJ OA
Likelihood ratio
chi-square test
Previous hand
injury
% (no.) 28.8% (88) 32.0% (16) 24.8% (36) 37.8% (31) 34.1% (71) 31.6% (24) 31.4% (16)
aRRR (95% CI) 1 1.5 (0.7, 2.9) 0.9 (0.6, 1.5) 1.7 (1.0, 2.9) 1.3 (0.9, 1.9) 1.2 (0.7, 2.1) 1.2 (0.6, 2.2) c2 ¼ 6.4; P ¼ 0.385
Excessive use of
hands in
employment
or pastimes
% (no.) 81.1% (258) 84.0% (42) 79.0% (120) 86.9% (73) 82.7% (177) 85.5% (65) 80.8% (42)
aRRR (95% CI) 1 1.7 (0.7, 4.0) 1.1 (0.7, 2.0) 1.9 (0.9, 3.9) 1.2 (0.8, 2.0) 1.6 (0.8, 3.2) 1.1 (0.5, 2.3) c2 ¼ 5.0; P ¼ 0.540
BMI >30 kg/m2 % (no.) 37.5% (142) 42.3% (22) 39.0% (64) 34.0% (33) 33.9% (82) 40.7% (33) 37.3% (22)
aRRR (95% CI) 1 1.2 (0.7, 2.3) 1.1 (0.7, 1.6) 0.9 (0.5, 1.4) 0.9 (0.6, 1.2) 1.1 (0.7, 1.9) 1.0 (0.6, 1.8) c2 ¼ 2.7; P ¼ 0.850
Diabetes/IFG % (no.) 6.3% (24) 9.6% (5) 13.4% (22) 9.3% (9) 7.0% (17) 11.0% (9) 5.1% (3)
aRRR (95% CI) 1 1.3 (0.4, 3.6) 1.7 (0.9, 3.4) 1.2 (0.5, 2.7) 0.9 (0.5, 1.7) 1.5 (0.7, 3.4) 0.6 (0.2, 2.2) c2 ¼ 6.1; P ¼ 0.414
Hypertension % (no.) 26.3% (100) 48.1% (25) 40.9% (67) 28.9% (28) 35.1% (85) 25.6% (21) 32.2% (19)
aRRR (95% CI) 1 1.7 (0.9, 3.2) 1.3 (0.9, 2.0) 0.9 (0.5, 1.4) 1.3 (0.9, 1.8) 0.8 (0.5, 1.4) 1.1 (0.6, 2.0) c2 ¼ 8.2; P ¼ 0.223
Dyslipidaemia % (no.) 21.1% (80) 30.8% (16) 20.1% (33) 22.7% (22) 25.2% (61) 14.6% (12) 23.7% (14)
aRRR (95% CI) 1 1.8 (0.9, 3.6) 1.0 (0.6, 1.6) 1.1 (0.6, 1.8) 1.1 (0.8, 1.7) 0.6 (0.3, 1.2) 1.1 (0.6, 2.1) c2 ¼ 7.0; P ¼ 0.317
Metabolic
syndromey
% (no.) 7.4% (28) 15.4% (8) 10.4% (17) 7.2% (7) 8.3% (20) 6.2% (5) 5.1% (3)
aRRR (95% CI) 1 1.7 (0.7, 4.1) 1.1 (0.5, 2.2) 0.8 (0.3, 1.8) 0.9 (0.5, 1.7) 0.7 (0.2, 1.8) 0.5 (0.2, 1.9) c2 ¼ 4.2; P ¼ 0.650
Analysis was completed on CASHA and CASK study participants using mutually exclusive subsets as determined in Fig. 1; Likelihood ratio chi-square test indicates (overall)
whether model ﬁt was improved by having the risk factor in the model, statistical signiﬁcance all of models were calculated to six degrees of freedom.
* Individuals in this sub-group are symptomatic with pain in the last month and may have some radiographic changes, but they do not meet the criteria for any of the hand
OA subsets.
y Deﬁned as three or more of the following factors: i) BMI >30 kg/m2, ii) diagnosis by general practitioner of diabetes or IFG, iii) hypertension, iv) dyslipidaemia (elevated
triglycerides or cholesterol) or prescription of a lipid-regulating drug; aRRR, age/sex adjusted relative risk ratios; data was missing for the following exposures: previous hand
injury n ¼ 158 (14.7%), excessive use of hand in employment or pastimes n ¼ 130 (12.1%), BMI >30 kg/m2 n ¼ 2 (0.2%) and metabolic syndrome n ¼ 2 (0.2%).
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satisfaction with their appearance at baseline and the most
disability over a 3-year period compared to other subsets, even
after adjustment for an already more severe baseline score. Our
ﬁndings are consistent with previous studies, which reported
more hand pain, disability and less satisfaction with aesthetics in
individuals with erosive OA when compared to non-erosive or
nodal OA8,19,30,32,47. While differences between erosive OA and
other hand OA subsets exist, they may still form a common
sequence of development with erosive OA marking the severe end
of the continuum, rather than being a separate form of hand OA.
Further exploration using longitudinal data is required to deter-
mine this.
The association of obesity with OA in non-weight-bearing joints
may be indicative of a metabolic mechanism25,26,53. It has been
postulated this may be through altered lipid metabolism and
chronic inﬂammatory responses54,55. These in turn are related to
the pathogeneses of hypertension, dyslipidaemia and diabetes22,56.
In our study no differences were seen between the hand OA subsetsTable IV
Clinical characteristics at baseline of the symptomatic hand OA subsets (n ¼ 1076)
Unclassiﬁed* Erosive OA Generalised
hand OA
IPJ and th
base OA
AUSCAN Pain (0e20),
mean (95% CI)
6.3 (5.9, 6.8) 7.6 (6.4, 8.7) 7.0 (6.4, 7.7) 6.6 (5.7,
AUSCAN Function
(0e36), mean
(95% CI)
9.4 (8.5, 10.3) 13.3 (11.1, 15.5) 11.7 (10.4, 12.9) 10.4 (8.6,
Grip strength in lbs.,
mean (95% CI)
59.1 (56.5, 61.8) 35.6 (28.6, 42.6) 45.0 (41.1, 49.0) 47.6 (42.4
Pinch strength in lbs.,
mean (95% CI)
11.8 (11.7, 12.2) 8.2 (7.1, 9.3) 9.6 (8.9, 10.2) 9.7 (8.9,
MHQ Appearance
subscale (0e100),
mean (95% CI)
75.3 (73.0, 77.6) 51.2 (45.4, 57.1) 68.2 (64.9, 71.6) 70.2 (65.7
Analysis was completed on CASHA and CASK study participants using mutually exclusive
the ANOVA model.
* Individuals in this sub-group are symptomatic with pain in the last month and may h
OA subsets. AUSCAN, Australian/Canadian Osteoarthritis Hand Index; data was missing
n ¼ 121 (11.2%), grip strength n ¼ 10 (0.9%), pinch strength n ¼ 20 (1.9%) and MHQ Appfor obesity, possibly because we measured BMI rather than more
accurate measures of body fat like waist circumference57. A rela-
tively higher frequency of dyslipidaemia, hypertension and meta-
bolic syndrome was observed in those with erosive OA. Previous
studies investigating associations between dyslipidaemia, hyper-
tension and metabolic syndrome and OA have been based in a
range of settings23,58,59, on very different case deﬁnitions22,23,59 and
produced inconsistent ﬁndings. Two other population-based
studies have found no association between hand OA and dyslipi-
daemia or hypertension when each risk factor was examined
separately24,26 however, the Rotterdam Study did ﬁnd that the
presence of multiple metabolic factors (BMI >27.4 kg/m2, diabetes
and hypertension) was associated with hand OA26. We have
extended the ﬁndings of Dahaghin et al.26 by investigating the as-
sociation of metabolic syndrome with speciﬁc hand OA subsets.
One further study reported increased frequency of obesity in in-
dividuals with erosive OA8. More severe hand OA, which may
include those with erosive OA60 has also been associated in women
with increased risk of carotid and coronary atherosclerosis61.umb Thumb base
OA
Nodal IPJ
OA
Non-nodal
IPJ OA
Difference between
the groups (ANOVA)
signiﬁcance
7.5) 6.7 (6.1, 7.3) 6.9 (6.0, 7.8) 6.7 (5.6, 7.8) P ¼ 0.408
12.1) 10.8 (9.7, 11.9) 10.1 (8.4, 11.9) 9.9 (7.8, 12.0) P ¼ 0.013
, 52.8) 52.3 (49.1, 55.6) 49.3 (43.7, 54.9) 54.5 (47.9, 61.1) P < 0.001
10.5) 10.4 (9.9, 10.9) 10.5 (9.6, 11.4) 10.3 (9.3, 11.4) P < 0.001
, 74.6) 75.3 (72.5, 78.1) 69.1 (64.4, 73.8) 66.4 (60.7, 72.1) P < 0.001
subsets as determined in Fig. 1; Data are marginal means and 95% CIs estimated from
ave some radiographic changes, but they do not meet the criteria for any of the hand
for the following characteristics: AUSCAN Pain n ¼ 130 (12.1%), AUSCAN Function
earance subscale n ¼ 164 (15.2%).
Table V
Clinical characteristics at 3-years for subsets of symptomatic hand OA (n ¼ 963)
Unclassiﬁed* Erosive OA Generalised
hand OA
IPJ and thumb
base OA
Thumb base
OA
Nodal IPJ OA Non-nodal
IPJ OA
Difference between
the groups (ANCOVA)
signiﬁcance
AUSCAN Pain (0e20)
Crude baseline mean
score (95% CI)
6.3 (5.8, 6.8) 8.0 (6.7, 9.2) 6.8 (6.2, 7.5) 6.3 (5.4, 7.2) 6.6 (6.0, 7.2) 7.2 (6.2, 8.2) 6.8 (5.6, 7.9) P ¼ 0.215
Crude 3-years mean
score (95% CI)
6.2 (5.7, 6.7) 8.9 (7.4, 10.3) 7.6 (6.9, 8.4) 7.5 (6.5, 8.5) 7.1 (6.5, 7.8) 8.3 (7.2, 9.4) 7.2 (5.9, 8.5) P < 0.001
Adjusted 3-years
mean score (95% CI)y
6.6 (6.1, 7.0) 8.0 (6.8, 9.2) 7.7 (7.0, 8.3) 8.0 (7.1, 8.8) 7.1 (6.6, 7.7) 8.0 (7.1, 8.9) 7.4 (6.3, 8.5) P ¼ 0.006
AUSCAN Function (0e36)
Crude baseline mean
score (95% CI)
9.3 (8.4, 10.2) 13.5 (11.0, 15.9) 11.1 (9.8, 12.5) 9.9 (8.1, 11.7) 10.6 (9.5, 11.8) 10.8 (8.9, 12.7) 10.0 (7.8, 12.2) P ¼ 0.039
Crude 3-years mean
score (95% CI)
9.5 (8.5, 10.4) 16.5 (13.8, 19.2) 12.2 (10.7, 13.6) 11.6 (9.7, 13.5) 11.5 (10.3, 12.8) 12.5 (10.5, 14.5) 10.8 (7.8, 12.2) P < 0.001
Adjusted 3-years
mean score (95% CI)y
10.6 (10.0, 11.3) 13.9 (12.1, 15.6) 11.9 (10.9, 12.9) 12.6 (11.2, 13.9) 11.3 (10.5, 12.2) 12.3 (10.9, 13.6) 11.4 (9.7, 13.0) P ¼ 0.007
Analysis was completed on CASHA and CASK study participants using mutually exclusive subsets as determined in Fig. 1; Data are marginal means and 95% CI estimated from
the ANCOVA model, baseline mean scores in this table differ from those in Table IV as these are for the individuals who were followed-up at 3-years.
* Individuals in this sub-group are symptomatic with pain in the last month and may have some radiographic changes, but they do not meet the criteria for any of the hand
OA subsets.
y Adjusted for baseline score; ANCOVA, Analysis of covariance; Data was missing for the following characteristics: AUSCAN Pain at baseline n¼ 117 (12.1%), AUSCAN Pain at
3-years n ¼ 156 (16.2%), AUSCAN Function at baseline n ¼ 1078 (11.1%) and AUSCAN Function at 3-years n ¼ 146 (15.2%).
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founding are needed.
A few methodological limitations should be considered when
interpreting the ﬁndings in this paper. Although all individuals
included in the current analysis had to have recent hand symptoms
those from CASK who were recruited on the basis on having knee
pain and may have a different, more widespread, form of OA. To
determine if this affected the frequency of hand OA subsets we
compared the proportion of each subset in CASHA and CASK par-
ticipants and no excess was seen in the CASK participants. Hand OA
subsets in this analysis were deﬁned by the presence ofTable VI
Comparison of population prevalence estimates of hand OA subsets from different studi
Population Erosive OA Thumb base OA
North
Staffordshire,
UK
Rotterdam,
Netherlands8
Framingham,
USA7
North
Staffordshire,
UK
R
N
Overall:
55e64 e 1.8 e e 2
65e74 e 3.8 e e 4
75e84 e 3.4 e e 5
85þ e 3.6 e e 5
All ages 1.0% (50þ) 2.8% (55þ) e 22.4% (50þ) 3
Men:
50e54 e e 0* 9.8% e
55e59 e e 2.0* 11.3% e
60e64 e e 2.0* 16.8% e
65e69 0.6% e 4.0* 18.8% e
70e74 e e 10.0* 21.6% e
75e79 e e 8.0* 21.8% e
80þ e e 28.0* 27.4% e
All ages 0.3% (50þ) e 3.6 (28þ) 16.7% (50þ) e
Women:
50e54 0.9% e 1.0* 16.2% e
55e59 1.1% e 4.0* 21.7% e
60e64 1.5% e 11.0* 24.7% e
65e69 1.8% e 12.0* 30.0% e
70e74 3.2% e 30.0* 34.4% e
75e79 2.4% e 28.0* 36.7% e
80þ 2.2% e 51.0* 39.8% e
All ages 1.7% (50þ) e 9.8 (28þ) 27.4% (50þ) e
Figures in brackets for all ages are the minimum age for each of the study populations.
* Estimated from graphs provided in the publication.radiographic OA alongside symptoms however, it should be noted
that symptoms were classiﬁed as any hand pain, aching or stiffness
in the last month and were not joint speciﬁc. Only nodes on rays 2
and 3 were included in the deﬁnition of nodal IPJ OA, as nodes on
rays 4 and 5 were not assessed in the CASK study. Sensitivity ana-
lyses were carried out in the CASHA participants with the inclusion
of nodes on rays 4 and 5. Population prevalence estimates of nodal
IPJ OA slightly increased from 15.5 (13.9,17.1) to 17.9 (16.2,19.5) and
non-nodal IPJ OA decreased from 4.9 (3.9, 5.9) to 2.8 (2.0, 3.6). The
precision of estimates was reduced for the co-occurrence, risk
factors and clinical characteristics but the ﬁndings werees
otterdam,
etherlands11
Copenhagen,
Denmark13
Zoetermeer,
Netherlands9
National,
Finland12
Hizen-Oshima,
Japan10
3.5 e e e e
5.2 e e e e
5.1 e e e e
1.9 e e e e
5.8% (55þ) e e e e
0.8 11.5 e e
1.3 15.5 10.5*
2.6 20.8 e
5.8 18.1 13.0*
9.6 23.5 e
11.4 42.4 26.5*
22.7 25.9 e
4.0 (40þ) e 7.0 (30þ) e
0 16.4 e 3.4
0 24.5 16.0*
4.5 34.5 7.0
9.3 42.1 31.0*
15.2 46.7 20.5
33.0 53.0 38.0*
36.9 57.0 25.0
7.4 (40þ) e 15.0 (30þ) 10.2 (40þ)
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were not examined, in particular family history, which have been
associated with erosive OA62 and thumb base OA63 and hypermo-
bility and subluxation have previously been associated with thumb
base OA27,64. Information on excessive use was not related to
particular activities or speciﬁc hand joints and so provides limited
insight into the relative contribution of local mechanical factors to
different subsets of hand OA. This may explain the lack of differ-
ences observed in our study that would have been anticipated from
previous ﬁndings65e67.
Our cross-sectional ﬁndings provide a population snapshot of
the frequency, co-occurrence, and descriptive characteristics of
symptomatic hand OA subsets. Additional information on retro-
spective exposures and prospective follow-up data was used to
explore comparative risk proﬁles and clinical outcomes. Erosive OA,
a relatively rare but severe form of hand OA, with poorer prognosis
appears to provide the most distinctive phenotype. The possible
association with dyslipidaemia, hypertension and metabolic syn-
drome, together with previous studies reporting a stronger asso-
ciationwith obesity, suggest further studies of this subset may help
disentangle the role of exposure to, and control of, metabolic and
cardiovascular risk factors in the development and progression of
hand OA.
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